


















DNRSURVEY – MOVING-MAP SOFTWARE FOR AERIAL SURVEYS 
 
Robert G. Wright, Brian S. Haroldson, and Chris Pouliot 
 
SUMMARY OF FINDINGS 
 

Advances in Global Position System (GPS), Geographic Information System (GIS), and 
computer technologies have enhanced our ability to navigate aerial wildlife surveys and capture 
observational data.  We combined these technologies into a moving-map, aerial survey software 
program herein referred to as DNRSurvey, which allows users to display and record their 
position over digital aerial photos, navigate without reliance on ground features, and record 
animal locations directly to Environmental Systems Research Institute (ESRI, Inc., Redlands, 
California) shapefiles and Windows (Microsoft Corporation, Redmond, Washington) audio files.  
This program has improved the precision and efficiency of our aerial surveys and reduced data-
entry transcription time and errors.  Although originally designed for an aerial platform, 
DNRSurvey is equally applicable for vehicle-based observations.   
 
INTRODUCTION 
 

Aerial surveys are commonly used to estimate abundance of waterfowl, ungulates, and 
other large mammals.  Navigation during these surveys, which began with map and compass, 
has improved with developments in technology, transitioning through land-based radio 
transmitters (e.g., long range navigation [LORAN]; Boer et al. 1989, Leptich et al. 1994) to 
global, satellite-based systems (e.g., GPS; Bobbe 1992, Leptich et al. 1994).  Anthony and 
Stehn (1994) created a software program (GPSTRACK) which displayed real-time aircraft 
positions over pre-defined transects on a laptop computer and recorded locations of wildlife 
observations along transect lines.  Within the last decade, advances in GPS, GIS, and computer 
hardware technologies have greatly enhanced our ability to navigate aerial surveys and capture 
observational data, independent of aircraft location.  We combined these technologies into a 
moving-map, aerial survey software program referred to as DNRSurvey.  Using a tablet 
computer connected to a GPS receiver, we are able to view and record our real-time position 
over digital air photos, navigate without reliance on ground features, and record animal 
observation data (e.g., location, count, age/sex, cover type) directly to ESRI shapefiles and 
Windows audio files.  DNRSurvey is not a GIS, but a data collection tool that incorporates 
relevant GIS functionality.  Use of this program has improved the precision and efficiency of our 
aerial surveys and reduced data-entry transcription time and errors.   
 
SOFTWARE DEVELOPMENT 
 

DNRSurvey was developed in Visual Basic (VB; Microsoft Corporation, Redmond, 
Washington) programming language and consists of 2 integrated components - Survey Editor 
(VB.NET) and MapView (VB 6.0).  With Survey Editor, users create survey-specific data entry 
forms and shapefile attribute tables to record wildlife observations or other objects of interest 
(Figure 1).  A variety of input controls, including textboxes, checkboxes, radio buttons, 
comboboxes, listboxes, and voice recording are available to customize data input (Figures 1 
and 2).  A spatial join feature allows attributes (e.g., public land survey features, plot number, 
acres) from another shapefile to be written to the survey shapefile when observations are 
recorded.  Survey shapefile properties such as symbology and labeling can be pre-defined and 
a custom icon can be assigned to each survey form tool button (Figure 3).   

MapView is the survey component of DNRSurvey and emulates a stripped-down version 
of an ESRI ArcMap data frame (Figure 4).  It communicates with a GPS receiver via serial, USB 
or Bluetooth connection; displays a bread-crumb trail of positional fixes; and pans the display 
window as needed.  Background image and shapefile layers such as aerial photos, 
management unit boundaries, and survey plot boundaries are managed in a Table of Contents 
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window (Figure 4).  Shapefile symbology and labeling can be customized and scale-dependent 
displays can be defined for all layers (Figure 5).  Key functionalities, such as preset zoom 
scales, data backup, editing, and survey form activation are presented as toolbar buttons 
(Figure 4).  Customized settings can be saved as a unique survey file (e.g., pa272_survey.lvs).   

To begin collecting observations, users open the customized survey file, connect to the 
GPS receiver using the toolbar button, and select the data form tool button to make it active. 
The user records an observation by touching the screen where the object of interest is located 
and by completing the pop-up data form (Figure 4).  Location coordinates and data form values 
are written directly to an output shapefile or audio file.  Observations can be captured anywhere 
on the display or by accepting the current GPS position.  The user edits an observation by 
selecting the Edit button and desired on-screen data point, and then by correcting erroneous 
data values in the pop-up data form.  Pressing the data backup button copies all survey related 
data (e.g., observation shapefile, flight line shapefile, flight line text file) to a date/time-stamped 
working directory.  The GPS coordinate properties (i.e., datum, coordinate system) are user-
defined, but default to the North American Datum of 1983 (NAD83) and Universal Transverse 
Mercator (UTM) Zone 15N, respectively.  In addition, the aircraft flight-line display and recording 
properties can be customized to meet the user’s needs (Figure 6). 

DNRSurvey works on tablet computers running Windows XP and Windows 7 operating 
systems (Microsoft Corporation, Redmond, Washington).  We recommend a minimum computer 
configuration which includes: 80 GB hard drive; 3 GB RAM; 1 GHz processor; 550 nit daylight-
readable display; serial port and/or Bluetooth data link; and integrated keyboard.   DNRSurvey 
is compatible with GPS receivers using Garmin (Garmin International, Inc., Olathe, Kansas) or 
National Marine Electronics Association (NMEA) output formats.   

For cockpit deployment, we currently use a wireless configuration consisting of a 
Panasonic CF-19 Toughbook tablet computer (Panasonic Corporation, Secaucus, New Jersey) 
communicating with an fTech Solarius BT-25 SR Solar Bluetooth GPS receiver (fTech 
Corporation, Tainan, Taiwan).  This configuration is convenient and enhances cockpit safety by 
eliminating loose cables.  A Garmin GPSMAP196 mounted in the aircraft serves as a backup 
receiver.  The computer battery lasts >3 hours and is replaced during each fuel stop.  Battery 
life for the solar Bluetooth GPS is sufficient to last all day on a single charge.  

We are currently working on additional enhancements and expect to complete software 
development by December 2011.  Although originally designed for an aerial platform, 
DNRSurvey is equally applicable for vehicle-based observations and will be available at 
www.dnr.state.mn.us. 
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Figure 1.  Survey Editor form building interface of DNRSurvey. 
 
 

 
Figure 2.  Data input values for combobox (species) and listbox (cover) controls are defined 
using lookup or user-defined tables via drop-down menus and tabs within the Survey Editor 
component of DNRSurvey. 
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Figure 3.  Spatial join shapefiles, tool icons, and symbology and labeling properties are defined 
via drop-down menus and tabs within the Survey Editor component of DNRSurvey. 
 
 

 
Figure 4.  MapView interface component of DNRSurvey.   
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Figure 5.  Symbology, labeling, and scale properties of background layers are defined via drop-
down menus and tabs within the MapView component of DNRSurvey. 
 
 

 
Figure 6.  Datum and projection values, and flight-line display and recording properties are 
defined via drop-down menus and tabs within the MapView component of DNRSurvey. 
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Publications 
 

The following is a list of scientific reports and other publications 
by personnel in the Wildlife Populations and Research Unit for 
the approximate period of March 2010 thru February 2011.  
 
Some titles by Unit personnel pertain to work done while 
employed by the MNDNR, while other titles are from work 
done elsewhere (e.g. as graduate student, employed by 
another agency, while on leave of absence, etc.) 
 
An asterisk (*) before an author’s name indicates the report 
was listed as in press or in review in previous publication of the 
Summaries of Wildlife Research Findings. 
 
Included under scientific reports are those that have not been 
published and those accepted for publication (in press). 
 
Names in bold indicate a MNDNR employee. 



Wetland Wildlife Populations and Research Group 
 
Publication List (2010-2011) 

 
Hanson, M. A., B. R. Herwig, K. D. Zimmer, J. Fieberg, S. R. Vaughn, R. G. 

Wright, and J. A. Younk.  2011.  Factors influencing aquatic invertebrate 
populations in shallow lakes in prairie and parkland regions of Minnesota, 
USA.  Wetlands: In Review. 

 
Herwig, B. R., K. D. Zimmer, M. A. Hanson, M. L. Konsti, J. A. Younk, R. W. Wright, S. 

R. Vaughn, and M.  E. Haustein.  2010.  Factors influencing fish distributions in 
shallow lakes in prarie and prairie-parkland regions of Minnesota, USA. Wetlands 
30:609-619. 

 
Friederichs, S. J., K. D. Zimmer, B. R. Herwig, M. A. Hanson, and J. Fieberg.   

2010.  Total phosphorus and piscivore mass as drivers of food web 
characteristics in shallow lakes. Oikos 120:756-765. 
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Forest Wildlife Populations and Research Group 
 
Publication List (2010-2011) 
 
Baker, L. R., T. W. Arnold, O. S. Olubode, and D. L. Garshelis.  2011.  Considerations for using 

occupancy surveys to monitor forest primates:  a case study with Sclater’s monkey 
(Cercopithecus sclateri). Population Ecology: In press. 
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Winter body condition of moose (Alces alces) in a declining population in northeastern 
Minnesota. Journal of Wildlife Diseases 47:30-40. 

 
Garshelis, D. L.  2011.  Andean bear density and abundance estimates—how reliable and 

useful are they?  Ursus 22:47–64. 
 
*Hwang, M-H., D. L. Garshelis, Y-H. Wu, and Y. Wang.  2010.  Home ranges of Asiatic black 
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Ursus 21:81–96. 
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arrhythmia enables hibernating black bear survival - physiological insights and 
applications to human medicine. Journal of Cardiovascular Translational Research 3: 
559–569.  

 
Laske, T. G., D. L. Garshelis, and P. Iaizzo.  2011.  Monitoring the wild black bear's reaction to 

human and environmental stressors. BMC Physiology: In press.  
 
*Lenarz, M. S., J. Fieberg., M. W. Schrage, and A. J. Edwards.  2010.  Living on the edge: 

viability of moose in northeastern Minnesota. Journal of Wildlife Management 74:1013-
1023. 

 
Lenarz, M. S., R. G. Wright, M. S. Schrage, and A. J. Edwards.  2011.  Compositional analysis 

of moose habitat in northeastern Minnesota. Alces: In review. 
 
Liu, F., W. J. McShea, D. L. Garshelis, X. Zhu, D. Wang, and L. Shao.  2011.  Human-wildlife 

conflicts influence attitudes but not necessarily behaviors:  factors driving the poaching 
of bears in China. Biological Conservation 144:538–547. 

 
Martin, D. J., B. R. McMillan, J. D. Erb, T. A. Gorman, and D. P. Walsh.  2010.  Diel activity 

patterns of river otters (Lutra canadensis) in southeastern Minnesota. Journal of 
Mammalogy 91:1213-1224. 

 
McGowan, C. P., M. C. Runge, and M. A. Larson.  2011.  Incorporating parametric uncertainty 

into population viability analysis models. Biological Conservation 144: In press. 
Noyce, K. V., and D. L. Garshelis.  2011.  Seasonal migrations of black bears (Ursus 

americanus):  causes and consequences. Behavioral Ecology and Sociobiology 65: 823-
835. 

 
Peacock, E., K. Titus, D. L. Garshelis, M. M. Peacock, and M. Kuc.  2011.  Mark-recapture 

using tetracycline and genetics reveals record-high bear density. Journal of Wildlife 
Management: In press. 
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Reidy, J. L., F. R. Thompson, III, and J. W. Bailey.  2011.  Comparison of methods for 
estimating density of forest songbirds from point counts. Journal of Wildlife Management 
75:558-568. 
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Farmland Wildlife Populations and Research Group  

Publication List (2010-2011) 

Carbaugh, J. S., D. L. Combs, and E. M. Dunton.  2010.  Nest site selection and nesting 

ecology of giant Canada geese in central Tennessee. Human-Wildlife Interactions 4:207-

212. 
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4:192-201. 
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body condition of wild turkeys in northern Minnesota. Proceedings of the National Wild 

Turkey Symposium 10: In press. 

Fieberg, J., L. Cornicelli, D. C. Fulton, and M. D. Grund.  2010.  Design and analysis of simple 

choice surveys for natural resource management. Journal of Wildlife Management 74:871-

879. 

Grund, M. D., L. Cornicelli, L. T. Carlson, and E. Butler.  2010.  Bullet fragmentation and lead 
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Williams and D. D. Smith, editors. Proceedings of the North American Prairie Conference 

22: In press.  
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Wildlife Biometrics Unit 

Publication List (2010-2011) 
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Fieberg, J., J. Matthiopoulos, M. Hebblewhite, M. S. Boyce, J. L. Frair.  2010.  Correlation and 

studies of habitat selection:  problem, red herring, or opportunity? Philosophical 
Transactions of the Royal Society, Series B 365:2233-2244. 

 
Frair, J. L., J. Fieberg, M. Hebblewhite, F. Cagnacci, N. DeCesare, and L. Pedrotti.  2010.  

Resolving issues of imprecise and habitat-biased locations in ecological analyses using 
GPS telemetry data.  Philosophical Transactions of the Royal Society, Series B 
365:2187-2200. 

 
Kie, J. G., Matthiopoulos, J., Fieberg, J., Mitchell, M.S., Powell, R. A., Cagnacci, F., Gaillard, J-

M., and P. Moorcroft.  2010.  The home-range concept:  are traditional estimators still 
relevant with modern telemetry technology?  Philosophical Transactions of the Royal 
Society, Series B 365:2221-2231. 

 
 

Page 280




